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PREFACE

This document was prepared by the John A. Volpe National
Transportation Systems Center (Volpe Center), in support of the
Federal Aviation Administration, Office of Environment and Energy.
It is a User‘’s Guide for the Integrated Noise Model (INM) Version
4.11 computer software used to predict noise impact around
airports. This User’'s Guide is a supplement to INM, Version 3,
User’s Guide - Revision 1, which was released in June, 1992, along
with the INM Version 3.10 computer software. The Version 4.11
supplement, prepared by the Volpe Center’s Acoustics Facility,
presents computer system requirements as well as installation
procedures and INM Version 4.11 enhancements.
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1. INTRODUCTION

During June, 1992, through December, 1993, the John A. Volpe
National Transportation Systems Center (Volpe Center), in support
of the Federal Aviation Administration, Office of Environment and
Energy, developed Version 4.11 of the Integrated Noise Model (INM).
The User’s Guide for the Version 4.11 computer software, prepared
by the Volpe Center’s Acoustics Facility, is a supplement to the
Integrated Noise Model (INM), Version 3, User’s Guide - Revision 1}
for the Version 3.10 computer software released in June, 1992.
Section 1.0 of the supplementary document presents computer system
requirements and installation procedures for INM Version 4.11.
Section 2.0 describes the user’s implementation of several new
capabilities, including descriptive examples. Appendix A describes
the technical revisions made to several internal algorithms -
primarily revisions which are transparent to INM users. Appendices
B and C, respectively, present a technical discussion of two new
capabilities, the takeoff profile generator and the capability to
account for airplane runup operations. Appendix D presents a copy
of the INM Input Testcase, revised to reflect INM Version 4.11
enhancements. Appendix E contains a copy of the User’s Manual for
the WINM computer software, an INM Version 4.11 plotting program
for use with Microsoft Windows.

1.1 Computer System Requirements

INM Version 4.11 operates on an IBM Personal Computer
(PC) -Compatible platform with the following minimum
configuration:

® IBM PC-AT or compatible, Series 286
microprocessor;

o 3 MB of available hard disk space;

® 590 KB of Random Access Memory (RAM) or 3 MB of
RAM, if operating the INM from a RAM disk, as
discussed in Section 1.2.1 below;

° Math co-processor, Series 80287; and

® Microsoft-compatible Disk Operating System (MSDOS)
Version 3.3.

In addition, the CONFIG.SYS file on the PC slated for INM
Version 4.11 installation must contain the following lines:
BUFFERS=30; and FILES=30.

1.2 Installation
The files on the INM Version 4.11 system diskette have been
stored in a compressed format using the PKZIP Version 1.1
utility software [Copyright (c) 1990 PKWare, Inc.]. With the
source drive prompt displayed on the screen, execute the
UNPACK batch file to install INM Version 4.11 on your PC:

° UNPACK <SOURCE DRIVE> <TARGET DRIVE>

1-1




For example, the command UNPACK A C will install, from the A
drive, INM Version 4.11 on the C drive in a subdirectory
called INM411. Note: The UNPACK batch file will, without
prompting, overwrite the contents of subdirectory INM411, if
one exists on the user-specified target drive.

1.2.1 RAM Disk Installation

Operation of INM Version 4.11 on a RAM disk will improve
computation time by an estimated 5 to 15 percent, as
compared to operating it from a hard-disk drive.
RAMDRIVE.SYS, an installable device driver supplied with
Microsoft-compatible DOS, allows a user to configure part
of the PC’s RAM as if it were a hard disk (i.e., a RAM
disk, sometimes referred to as a virtual disk). The
following is an example installation of INM Version 4.11
onto a RAM disk. The user is referred to the DOS manual
and/or the manual supplied with any memory management
software being used if difficulties should occur.

To install RAMDRIVE.SYS for use with INM Version 4.11,
the following command line should be included in the
CONF1G.SYS file:

[ ] DEVICE=C: \DOS\RAMDRIVE.SYS 3000/E

Upon including the above command line in the CONFIG.SYS
file, the PC must be rebooted. After rebooting, the PC
will have a 3 MB RAM drive located in extended memory.
The RAM drive’s logical, alphabetical drive designation
will be one 1letter higher than the highest current
physical drive on the PC (e.g., if a PC has a 5% inch A-
drive, a 3% inch B-drive, and a hard-disk C-drive, upon
rebooting, the RAM drive will be designated the D-drive).
The user may now install the INM software on the RAM
arive by designating it as the target drive for
installation. For example:

e A:\UNPACK A D

The above command will automatically install the INM from
the A-drive onto a subdirectory (INM41ll) on the RAM drive
(i.e., in this example the D-drive). The RAM drive must
now be logically connected to the hard drive using DOS's
JOIN command. To accomplish this, an empty subdirectory,
e.g., C:\RAM, must be created on the hard drive. From
within that subdirectory execute the following command:

] C:\RAM\JOIN D: C:




This will assign the RAM drive, i.e., the D-drive, to
operate within the subdirectory C:\RAM on the hard drive.
Note: It is extremely important to remember that each
time the PC 13 reset or its power is turned off, the
informaticn atored on the RAM drive will be lost. As a
result, . the INM is run from the RAM drive, all files
must be copied to a physical drive, e.g., a floppy drive,
prior to powering-off the PC.

1-3/1-4




2. IMPLEMENTATION OF INM VERSION 4.11 ENHANCEMENTS

This Section of the document describes the methodology for
implementing INM Version 4.11 enhancements. It includes a
background discussion of the enhancements, a brief discussion of
the need for the enhancements, and example implementation of the
enhancements. The following enhancements are discussed: (1) the
takeoff profile generator; (2) the ability to account for terrain
elevation around a specified airport; (3) the ability to compute
the CNEL, WECPNL, LEQDAY, and LEQNIGHT noise metrics; (4) the
ability to account for airplane runup operations; (5) the ability
to account for runway thresholds during approach operations; (6) an
enhancement to the noise contour computations; (7) an increase in
the number of takeoff profile segments; and (8) enhancements to the
echo file.

2.1 Takeoff Profile Generator

This enhancement allows for the computation of airplane
takeoff profiles based on the user-supplied airport elevation
and temperature entry in the SETUP section of the INM input
file. The takeoff profiles are utilized by the INM in the
computation of all noise metrics. Previous versions of the
INM utilize takeoff profiles which were based on standard-day
conditions, i.e., temperature of 59°F and airport elevation of
zero ft Above Mean Sea Level (MSL). Previously, the user-
supplied airport elevation (altitude) and temperature were
only used to compute an atmospheric acoustic impedance
correction.

The takeoff profile generator is made possible by the
inclusion of standardized airplane operating procedures and
performance coefficients in Data Base Number 11. These
procedures and coefficients are presented in References 2, 3,
and 4, and accessible from the Data Base using the ACDB1l1l.EXE
computer program, supplied with the Version 4.11 release.
With the exception of INM airplane numbers 1, 6, 7, 8, 10, 24,
56, 100, 101, and four of the new airplanes (INM airplane
numbers 104 to 107) discussed further in Appendix A, the
operating procedures and performance coefficients required for
takeoff profile computation are included in Data Base Number
11. For the airplanes without standard procedures and
coefficients the takeoff profile for standard conditions is
assumed regardless of the airport elevation and temperature.
Note: The incorporation of the takeoff profile generator will
not affect the standard approach profiles. The approach
profiles are the same as employed in INM Version 3.10.

Operation of the profile generator is time-efficient and
entirely transparent to the user. If other than standard-day
conditions are specified by the user in the SETUP portion of
the input file, the profile generator automatically computes
the takeoff profiles wusing the airplane performance
coefficients in Data Base Number 11 and the equations in the
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1845°% (SAE/AIR 1845). When an airport elevation and
temperature is not specified, the INM assumes standard
conditions and utilizes the standard profiles included with
Data Base Number 11, i.e., the internal profile generator will
not be exercised.

To insure the takeoff profiles and resultant noise metrics
computed by INM Version 4.11 are reasonable for the user-
defined input case, a runway length chock has been instituted.
When the computed ground roll segment of the takeoff profile
exceeds the user-specified runway length, the user is notified
of the discrepancy. A message similar to the following is
included in the echo file.

] WARNING: COMPUTED GROUND ROLL ERROR FOR INM AIRPLANE 747200,
STAGE WEIGHT 7, -- EXCERDS USER-DEFINED RUNWAY LENGTEH
BY X PERCENT FOR THE TAKEOFF ON TRACK TR1, RUNWAY OSL.

In r.a.., cases this warning will indicate to the user that
there is an error in the input file, possibly in the user-
defined average yearly temperature, airport elevation, airport
runway length, or airplane stage weight. In cases where the
computed ground roll segment exceeds the runway length by more
than 10 percent, the above message will be included in the
echo file as a fatal error rather than a warning and the user
will not be permitted to continue processing of the input
case.

There may be instances where the user has correctly defined
the input case and the computed ground roll segment exceeds
the runway length by more than 10 percent. This apparent
anomaly may be the result of using the average yearly
temperature at the airport as an input. For example, a
particular airport may be capable of operating a high stage-
weight B747 airplane in the early evening or during winter
months only, when the temperature is significantly lower than
the average yearly temperature. In such cases it is suggested
that a user-defined profile be included in the input file.

In addition, there may be instances (e.g., high stage weights,
high temperatures, and high airport elevations combined) where
a negative rate-of-climb is computed. Consequently, a fatal
error will occur and a profile will not be generated. 1In such
instances, the user will be notified with a message similar to
that below; it is suggested that a user-defined profile be
included in the input file.

® FATAL: PROFILE FOR INM AIRPLANE 747200, STAGE WEIGHT 7 CANNOT
BE COMPUTED.




A technical discussion of the takeoff profile generator is

presented in Appendix B. In addition, Appendix B presents
tables which summarize the runway requirements and operaticnal
boundaries of the profile generator. These tables are

presented for various combinations of airport elevation and
temperature intended to cover the range of average yearly
conditions at airports across the United States.

2.2 Terrain Elevation

This user-selectable enhanr *ment included with INM Version
4.11 allows for the computation of source-to-receiver slant
range, i.e., propagation distance, based upon actual terrain
elevation at receiver locations around a specified airport.
The implementation of this enhancement can result in a vast
improvement in the accuracy of the noise computations at

airports located near hilly terrain, however its
implementation will result in an increase in computation time
by an estimated 50 to 100 percent. To utilize this

enhancement, INM Version 4.11 users must have the United
States Geological Survey (USGS) 3 Arc Second Elevation Data on
CD-ROM, available from:

Rocky Mountain Communications, Inc. (RMC)
2023 Montane Drive East

Golden, CO 80401

(303) 526-5454

(303) 526-2662 (FAX)

The USGS data are available for the entire United States or
parts thereof.

Prior to implementing the elevation enhancement within INM
Version 4.11, the preprocessing program, MAKEFILE.EXE, which
is included with the Version 4.11 distribution package, must
be run on the RMC Digital Elevation Model (DEM) files.
MAKEFILE.EXE constructs a 2.8 MB, one-degree by one-degree,
geodetic data file with the user-specified airport located at
the geographic center of the file. The file generated by
MAKEFILE.EXE, which has a three-letter user-defined prefix and
a .3CD extension (e.g., Boston’s Logan International Airport
might be designated BOS.3CD), will be used by INM Version 4.11
to compute the source-to-receiver slant range. Use of the
MAKEFILE.EXE program is described below.

With the drive prompt displayed on the screen, typz MAKEFILE
to invoke the program.
° C:\INM411\ MAKEFILE

MAKEFILE.EXE will then prompt the user to enter a three-letter
airport identification, e.g., BOS, and the 1latitude and
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longitude of a reference point at the airport (e.g., the
beginning of the primary runway). In the following example
the latitude and longitude are for the start of Runway 09L at
Boston-Logan.

L ENTER 3 LETTER AIRPORT IDENTIFIERR (EX. BOS): BOS
® ENTER RUNWAY LAT COORD. DEGS MINS SECS (EX. 42 21 20): 42 21 20
® ENTER RUNWAY LON COORD. DEGS MINS SECS (EX. 71 00 48): 71 00 48

The MAKEFILE.EXE program then computes the coordinates of the
southeast corner of a one-degree by one-degree data-block
based upon the start of the airport’s primary runway being at
the geographic center of the block. The computed southeast
corner is displayed along with the four RMC DEM files required
to construct the one-degree Ly one-degree data-block around
the airport. The user is also given the option to overwrite
an existing or create a new BOS.3CD file, where BOS is the
three-letter airport identifier.

] THE SE CORNER OF THE REQUIRED (1X1 DEG) DATA BLOCK IS: 41 52 70 31

® THE REQUIRED DEM FILES ARK: NW FN=42071.3CD NE FN=42070.3CD
SW FN=41071.3CD SE FN=41070.3CD

® DO YOU WISH TO CREATE A NEW BOS.3CD FILE (Y/N) ?__Y

The user should type ¥ to overwrite/create a new file. If the
four DEM files exist in the current directory, the program
will create the B0S.3CD file without further prompting. If
MAKEFILE.EXE cannot find the required DEM files, it will
request that the user enter the drive where the DEM files are
resident. 1In addition, MAKEFILE.EXE will ask if the data are
on the RMC CD-ROM and, if so, copy them into the current
directory. If the four DEM files are not on the CD-ROM drive,
MAKEFILE.EXE will request the path where the files can be
found. The program will then construct the required one-
degree by one-degree data-file, with the airport’s primary
runway at its approximate geographic center. The user will be
informed that the file has been constructed, and the minimum
and maximum elevation within the constructed one-degree by
one-degree block will be provided.

L 3 WRITING OF B0OS.3CD IS COMPLETE

The example BOS.3CD file is now ready for implementation by
the INM. To utilize the elevation data in the BOS.3CD file in
the computation of source-to-receiver slant range, the user
must specify, in the SETUP portion of the INM input file: (1)

2-4




the three-letter airport code which identifies the specific
user pre-processed .3CD file; (2) the disk-drive location of
the .3CD file (Note: It is not necessary to specify the
location of the .3CD file if it is in the current directory;
also, if the .3CD file resides in a subdirectory, the path to
that subdirectory must be created prior to running INM.); and
(3) the latitude and longitude of a user-defined reference
point at the airport, where the X and Y coordinates of all
defined runways must be referenced to this point. To insure
that the user has identified the appropriate .3CD file, the
INPUT.EXE program will test the user-defined reference point
at the airport against the stored reference in the .3CD file.

In the following example the user has: (1) specified Boston’s
Logan International ARirport; (2) identified the C-drive as the
location for the BOS.3CD file; and (3) specified the latitude
and longitude of a reference point at Boston-Logan.

® SETUP:

TITLE <EXAMPLE INPLENENTATION OF ELEVATION ENHANCEMENT>
AIRPORT <RLEVATION EXAMPLE>

CODE _BOS
2 0

LATITUDE 42 21 20
LONGITUDE 71 00 48

With the elevation enhancement invoked as described above, all
noise-level computations are performed based upon the actual
source-to-receiver slant range, rather than assuming a flat
terrain as was the case in previous versions of the INM.

In addition, the data in the BOS.3CD file are used to compute
the slope of a three-by-three arc-second tangential ground
plane, with the receiver at its physical center. This ground
plane is used in the computation of the source-to-receiver
elevation-angle, beta, required by the lateral attenuation
algorithm in the INM. The beta angle is defined as the angle
subtended by the propagation path from the airplane to the
receiver and the three-by-three arc-second ground plane.
Figures 2-1 and 2-2, respectively, depict the beta angle for
two scenarios: (1) previous versions of the INM (i.e., flat
terrain); and (2) INM Version 4.11.

2.3 CNEL, WECPNL, LEQDAY, and LEQNIGHT Noise Metrics

The capability to compute four additional noise metrics has
been included in INM Version 4.11. They are the Community
Noise Equivalent Level (CNEL), Weighted Equivalent Continuous
Perceived Noise Level (WECPNL), Equivalent Sound Level During
Daytime Hours (LEQDAY), and Equivalent Sound Level During
Nighttime Hours (LEQNIGHT). The addition of these four
metrics brings the total number of metrics available for
computation by the INM to eight (NEF, LEQ, LDN, TA, CNEL,
WECPNL, LEQDAY, and LEQNIGHT). As was the case in previous
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Scenario 1

FIGURE 2-1: BETA ANGLE FOR INM VERSION 3.10 AND
BEFORE

Scenario 2

FIGURE 2-2: BETA ANGLE FOR INM VERSION 4.11
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versions of the INM, Version 4.11 allows for the computation
of all metrics simultaneously in grid mode or a single user-
defined metric in contour mode for a given input case. A
brief description of the CNEL, WECPNL, LEQDAY, and LEQNIGHT
noise metrics follows:

(1)

(2)

Community Nojse Equijvalent Level (CNEL): The CNEL noise
metric, which is primarily used in California, is similar
to the Day-Night Sound Level (LDN) metric in that it
incorporates the energy-averaged A-weighted sound level
integrated over a 24-hour period. However, unlike LDN,
CNEL incorporates an additional penalty for operations
occurring between the evening hours of 190C and 2200
hours. For CNEL, a 3 dB penalty is applied to operations
occurring between 1900 and 2200 hours, and a 10 dB
penalty is applied to operations occurring between 2200
and 0700 hours. The equation for computing CNEL within
the INM is as follows:

CNEL = SEL + 1010910 (Nd.y + 3Nm +10Nnight) - 49.4,

where SEL = Sound Exposure Level in dBA;

Naay number of operations between
0700 and 1900 hours local time;
Neve = number of Operétions between

1900 and 2200 hours local time;

Npigne = number of operations between
2200 and 0700 hours local time;

and 49.4 = constant which normalizes CNEL
to a 24-hour period, (i.e.,
10log,,(1/86,400 sec/day) =
~-49.4).
Weighted Equiv inuou erceived i A's

{WECPNL) : Th: WECPNL noise metric, which is primarily
used by the European Community, is based upon the PNLT
noise metric and is computed within the INM as follows:

WECPNL = EPNL + 1010G;(Ny, + 3N, +10N,g) - 39.4,

where all definitions are the same as in CNEL,
above, except:

EPNL = Effective Perceived Noise Level
in dB; and

39.4 = (49.4 - 10); where 49.4 is the
constant which normalizes

WECPNL to a 24-hour period,




(i.e., 10log,,(1/86,400
secs/day) = -49.4); and -10 is
the duration normalizing factor
in the definition of EPNL.®

(3) iV v i im .
The LEQDAY noise metric is an energy summation of the
aggregate environment, as measured in A-weighted decibel
units (dBA) normalized to the 15-hour time period from
0700 to 2200. The equation for computing LEQDAY within
the INM is as follows:

LEQDAY = SEL + 1010g,,(Ns, + N,.) - 47.3,

where all definitions are the same as in CNEL,
above, except:

47.3 = constant which normalizes
LEQDAY to the 15-hour period
from 0700 to 2200, (i.e.,
10l0g,,(1/54,000 sec) = -47.3).

(4) Equivalent Sound lLevel During Nighttime Hours (LEONIGHT) :
The LEQNIGHT noise metric is an energy summation of the
aggregate environment, as measured in A-weighted decibel
units (dBA) normalized to the 9-hour time period from
2200 to 0700. The equation for computing LEQNIGHT within
the INM is as follows:

LEQNIGHT = SEL + 1010g;o (Nygne) - 45.1,

where all definitions are the same as in CNEL,
above, except:

45.1 = constant which normalizes
LEQNIGHT to the 9-hour period
from 2200 to 0700, (i.e.,
10l0g9,,(1/32,400 sec) = -45.1).

2.4 Airplane Runup Operations

This enhancement allows INM Version 4.11 to compute noise
levels due to airplane engine runup operations. The need for
this particular enhancement is recognized primarily around
airplane maintenance facilities. To invoke this capability
the user must define an airplane runup in the TAKEOFF section
of the input file as follows:

® INT.NM.
TAKEOFFS BY FREQUENCY:

TRACK RU1l RWY 0SL STRAIGHT 50

OPERATION 747200 RUNUP 1 D=30
OPERATION 747200 STAGE 4 Da=80
<OR>
OPERATION 747200 STAGE 4 D=80 RUNUP 1 D=30
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In the above example, a 30 second (D=30) runup operation is
defined for a B747-200 airplane operation at the thrust
setting of Stage Weight 1. The runup, as specified, takes
place on a runway designated as 09L and a track designated as
RUl1. STRAIGHT 50 defines the length of the track in nautical
miles. In fact, the track length for runup operations is
ignored in the computation of runup noise. For runup noise
computations it is assumed that the airplane covers a track
with an arbitrarily ~hosen fixed 1length of 20 ft. The
specific location and heading of the runup operation in the
above example must be defined in the RUNWAYS section of the
input file as shown in the following:

L4 RUNWAYS
RW 0SL-27R 0 0 TO 9487 -497

In the above example, the runup operation takes place at the
start of an active runway, i.e., Runway O09L. If the user
wants to define a runup operation at a location at the airport
other than on an active runway, e.g., at a maintenance
facility, then the maintenance facility must be defined as if
it were a runway. Here it is suggested that a maintenance
facility, or any other location specified for a runup
operation, be defined as a runway which is 20 ft in length.
The definition of a maintenance facility as a 20 ft runway is
shown in the following example.

L RUNWAYS
RW 13-31 0 5000 TO 20 5000

The above runup definitions assume that the full-power takeoff
thrust associated with the user-defined stage weight is
maintained for the duration of the runup. However, runup
operations can occur at other than full-power thrust. To
model such instances, a user-defined runup should be included
in the input file as follows:

L4 AIRCRAFT:
TYPES
AC 747200 STAGE 1=RU

PROFILES TAKEOFF

P s =3 WEIGHT=525000 ENGINES=4
DISTANCES 0 10 20
ALTITUDES [ 0 0
SPEEDS 160 160 160
THRUSTS 35022 35022

INT.NN.

TAKROFFS BY FREQUENCY:

TRACK RU1l RWY 0SL STRAIGHT 50
OPERATION 747200 RUNUP 1 D=30
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In addition, the specific location, e.g., the start of a
runway or at a maintenance facility, and heading of the runup
operation in the above user-defined example must be specified
in the RUNWAYS section of the input file as discussed earlier
in this section. A technical discussion of the airplane
engine runup capability is presented in Appendix C.

2.5 Approach Runway Thresholds

The capability to account for displaced runway thresholds for
approach operations has been added to INM Version 4.11. 1In
previous versions of the INM, the runway touch-down point was
assumed to be a fixed 954 ft from the edge of the runway for
airplanes with a three degree approach glide slope, and 572 ft
for the four airplanes with a five degree approach glide slope
(INM airplane numbers 74 to 77). With INM Version 4.11, a
user-defined displaced threshold (DT), either positive or
negative, is added to the fixed runway touch-down point. To
insure realistic DT’s are defined by the user, they are
checked versus the runway coordinates. If discrepancies
exist, the user is notified in the echo file, as appropriate.
In the following example, a 1454 ft runway touch-down point
has been defined in the SETUP section of the input file for
Runway O09L (i.e., 500 ft for the user-defined DT plus 954 ft
for the fixed touch-down point); and a runway touch-down point
Oor 954 ft has been defined for Runway 27R:

® SETUP:

TITLE <EXANPLE IMPLEMENTATION OF APPROACH RUNWAY THRESHOLD>
AIRPORT <RUNWAY THRESHOLD EXAMPLE>

ALTITUDE 23
TEMPERATURE 12.66 C
RUNWAYS
RW 097.,-27R 0 0 DT S00 TO 9487 -497 DT O
<OR>
RW OSL-27R 0 O DT 500 TO 95487 -497

The above runway definition is depicted graphically below:

Runway O0SL-27R

/
/
Y ) s
954 ft 1454 ft 954 ft
(Fixed) (Defined) (Fixed)

FIGURE 2-3: RUNWAY DEFINITION
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The inclusion of the 500 ft user-defined DT results in a
runway touchdown point 1454 ft from the start of Runway O0O9L
(i.e., 500 ft for the user-defined DT plus 954 ft for the
fixed touch-down point).

2.6 Noise Contour Computations

INM Version 4.11 provides, in the echo file, a warning to
users when there are insufficient grid points to accurately
compute a specific noise contour. 1In previous versions, the
INM would automatically make the determination that there were
insufficient grid points, and return a run-time error to the
computer display without further explanation. The INM’s noise
computation window must be redefined to encompass additional
grid points in the area of interest.

If the user-defined computational window is too coarse to
allow computation of a requested contour or the requested
contour is not encompassed by the window, INM Version 4.11
will include a message in the echo file which is similar to
the following:

] CONTOUR CONTOUR AREA
LEVEL (8Q. MILES)

CN 3 *WARNING: LDN 30.0 CONTOUR DOES NOT EXIST

In the above example, the defined window was either too coarse
to reliably compute the user-requested 30 dB LDN contour or
' the contour was not encompassed by the window.

2.7 Takeoff Profile Segments

INM Version 4.11 provides for user-defined takeoff profiles
with up to 18 segments. Previous versions of the INM limited
the number of segments to 14. This enhancement allows for
more precise user-defined takeoff profiles. It will also more
easily facilitate the incorporation of a flight-procedure
generator planned for a future version of the INM, since
certain procedures may require higher resolution profiles, and
thus more segments.

2.8 Echo File
All output reports generated by INM Version 4.11 have been

modified to account for the enhanced capabilities discussed in
Section 2.0, above.
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APPENDIX A

REVISIONS TO INM ALGORITHMS

This Appendix discusses, in general terms, revisions to several
algorithms and subroutines included in INM Version 4.11. It also
discusses the rationale for these revisions and presents their
effects on the noise contours, where applicable. The associated
computer source code is not included. All revisions discussed
below are transparent to the user in that they do not affect user-
operation of the INM. However, these revisions will result in more
accurate INM noise predictions and an increase in INM computational
efficiency. They include: (1) revisions to the flight
significance testing within the INM; (2) implementation of a
directivity smoothing equation; (3) revisions to the dipole
directivity pattern within the INM; and (4) revisions to the INM
Data Base.

A.1 PFlight Significance Testing

The methodology employed for determining flight noise significance
during grid computations has been streamlined in INM Version 4.11.
Rather than looping through each of the first four refinement
levels individually and constructing the noise grid on a level-by-
level basis, INM Version 4.11 begins by constructing the 17-by-17
point regular grid previously associated with the fourth refinement
level, and setting all parameters associated with the 289 total
points, including the noise significance flags for each point.

In restructuring the flight significance methodology, it was
discovered that INM Version 3.10 was performing unnecessary (i.e.,
insignificant) noise computations due to improper setting of the
flight significance flags. This impropriety had no effect on the
computed noise levels but it did increase run-time unnecessarily.
Revising the methodology for grid development, including the proper
setting of flight significance flags, improved computation time by
an estimated 40 percent over INM Version 3.10, for comparable input
cases.

A.2 Directivity Smoothing Equation

The directivity algorithm of SAE/AIR 1845 implemented for receivers
behind start-of-takeoff roll, which is based on field-measured data
published in 1980, has been maintained within INM Version 4.11.
However, a directivity smoothing equation, operating as a function
of distance, has been implemented. 1In previous versions of the
INM, the directivity algorithm is applied to noise levels behind
start-of-takeoff-roll regardless of lateral distance. In the 1980
study, measurements were made at distances from start-of-takeoff-
roll of only 970 to 1280 ft. Recent studies®’ have indicated that
INM Version 3.10 tends to underpredict noise levels behind start-
of -takeoff-roll at distances of 3000 to 5000 ft, well beyond those
represented in the 1980 study. This underprediction was especially
evident for measurements made directly behind the airplane where
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the reduction in noise level due to the directivity algorithm is
most pronounced.

As a result, an equation has been incorporated into INM Version
4.11 which smooths out the directivity effect as a function of
distance behind the airplane, beginning at a distance of 2500 ft.
The smoothing algorithm reduces the directivity effect in decibels
by a factor of 50 percent per doubling of distance behind the
airplane, beginning at a distance of 2500 ft. For example, a noise
level attenuation of 10 dB computed by the directivity algorithm at
a distance of 2500 ft will be reduced to 5 dB at 5000 ft due to the
smoothing equation.

The smoothing equation built into INM Version 4.11 was empirically
and conservatively derived from the data of Reference 6, the more
detailed study of the two cited above. However, it is strongly
recommended that additional measurments behind start-of-takeoff-
roll be performed at a variety of offset distances and azimuth
angles at several sites across the country to fine-tune the
smoothing equation. .

A.3 Dipole Directivity Pattern

The 90° dipole directivity pattern was originally instituted within
the INM as a means of approximating the directivity characteristics
of an airplane in flight. Although the exact directivity
characteristics are a function of parameters such as airplane type,
power setting, speed, and distance, the dipole model has served as
a reasonable approximation. In INM Version 4.11, the 90° dipole
directivity pattern has been modified. Figures A-1 and A-2 depict
the dipole directivity pattern of INM Version 3.10 and earlier
versions, and the modified pattern of 1INM Version 4.11,
respectively. For INM Version 4.11, the original dipole
directivity directly in front of and behind the airplane has been
suppressed. In addition, the directivity algorithm of SAE/AIR
1845, with the addition of the smoothing equation discussed in
Section A.2 above, is applied behind the airplane for all modes of
operation. See Appendix C for a discussion of the appropriateness
of the modified directivity pattern for runup operations.

/ s e \ OmecTion
" OIRECTION : )
\ « 1
/
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FIGURE A-1: DIPOLE DIRECTIVITY PATTERN, FIGURE A-2: MODIFIED DIRECTIVITY PATTERN,
INM VERSION 3.10 AND BEFORE INM VERSION 4.11




The effect of the modified directivity pattern on the noise
contours is depicted in Figures A-3 and A-4, below. Figure A-3
shows the effect on the SEL footprint for a single takeoff
operation of the B737-200 airplane (INM number 47). Figure A-4
shows the effect on the LDN contour for the INM Input Testcase
provided with INM Version 3.10.

----- INM VERSION 3.10
AND BEFORE
INM VERSION 4.11

FIGURE A-3: SEL, TAKEOFF FOOTPRINT COMPARISON FOR B737-200
AIRPLANE .

----- INM VERSION 3.10

AND BEFORE
INM VERSION 4.11

FIGURE A-4: LDN CONTOUR COMPARISON FOR INM INPUT TESTCASE
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A.4 Data Base Number 11

Data Base Number 11 has been created through modifications,
consisting primarily of the removal of artifacts from previous
versions of the Data Base, and the addition of six new airplanes.
As discussed in Section 2.1, Data Base Number 11 was expanded to
include airplane performance coefficients and standard flight
procedures required for use with the takeoff profile generator.
With the exception of INM airplane numbers 1, 6, 7, 8, 10, 24, S6,
100, 101, and four of the new airplanes discussed below, procedures
and coefficients required for profile generation are included in
the Data Base. For those airplanes without standard £light
procedures and coefficients, the takeoff profile for standard
conditions is utilized regardless of airport elevation and
temperature.

In addition, six new airplanes have been added to Data Base Number
11 (See Table A-1). They include the MD11l with the CF6-80C2D1F and
PW4460 engines (INM numbers 102 and 103, respectively), the F-16A
with the F100-PW-200 engine (INM.number 104), and the F-16C/D with
the F110-GE-100, F100-PW-220, and F100-PW-229 engines (INM numbers
105, 106 and 107, respectively). The Noise-Power-Distance (NPD)
data, standard-day profiles, performance coefficients and standard
flight procedures included in the Data Base for the MD1ll airplanes
were obtained from the McDonnell Douglas Corporation.

The Volpe Center extracted the NPD data for the F-16 airplanes from
the United States Air Force’s (USAF) data base which is part of
their NOISEMAP suite of computer programs. NOISEMAP, the military
counterpart of the INM, is used for predicting noise exposure
around airports dominated by military operations. The USAF data
were normalized to an airspeed of 160 knots and adjusted for the
effect of duration consistent with the procedures for developing
the INM data base. The standard-day profiles, which are the same
for the four F-16 airplanes, were also extracted from the USAF's
data base. They are considered typical for transient F-16
airplanes. However, due to significantly varying takeoff
procedures for F-16 airplanes throughout the world a user-defined
takeoff profile may be more appropriate.

TABLE A-1l: INM VERSION 4.11 DATA BASE AIRPLANE DEFINITIONS

Takeoff Profiles by Trip Length (nm)

Airplane Category Noise Apprh
0- 500- 1000- 1500~ 2500- 3500- over
] Name Description Name * Hame * 500 1000 1500 2500 3500 4500 4500

102 | MD11GE | MD-11/CP6-80C2D1P JoomM €8 2Cr68D 102 374 375 37¢ m 378 379 380

103 | Mr.1PM | MD-11/PW 4460 JCoM 69 PHAASO 103 in 382 i Jes 3es 386 387

104 | Fi6A P-16A/PN-200 JMIL 70 200 104 308

105 | Fieas P-16C/D/GR-100 JMIL n GB100 105 389

106 | P16PWO | P-16C/D/PW-220 JMIL 72 PH220 106 3%0

olojlo|o
cjojo|o
olojo]e
ojlojlo|o
ojojojlo
ojlojo|o

107 | P16PW9 | P-16C/D/PW-229 JMIL kZ] PH229 107 38
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APPENDIX B

TAKEOFF PROFILE GENERATOR

This Appendix presents a technical discussion of the takeoff
profile generator within INM Version 4.11. The discussion, based
on the algorithms of SAE/AIR 1845 and the aerodynamic coefficients
and standard flight procedures in Data Base Number 11, is presented
in two sections. The first section describes the computation of
individual takeoff profile segments under standard conditions,
i.e., airport temperature of 59°F and airport elevation of zero ft
Above Mean Sea Level (MSL). The second section describes the
computation of individual takeoff profile segments under non-
standard conditions.

The horizontal distance and altitude increments computed for each
acceleration segment at standard conditions are utilized for
segment computations at non-standard conditions. In fact, the
altitude Above Ground Level (AGL) at the end point of each segment
is the same for the non-standard and standard profiles. However,
for the non-standard case, the ground roll length of the takeoff
segment and the flight angles of the airborne segments are modified
in response to the user-defined airport conditions using the
equations described below. The non-standard computations are
achieved by: (1) an introduction of a specially developed routine
for computation of atmospheric coefficients at a given altitude MSL
as a function of the airport temperature and elevation; and (2)
development of a routine for the automated adjustment of the rate-
of-climb for acceleration segments due to atmospheric conditions.
With the atmospheric coefficients and the rates-of-climb controlled
by the user-defined airport elevation and temperature, the SAE
equations remain intact.

The takeoff profile generator has been tested for non-standard
temperatures from -10 to 100°F and airport elevations up to 6000 ft
MSL. Accordingly, the third section of this Appendix presents a
set of tables which summarize the runway requirements and
operational boundaries of the takeoff profile generator for various
combinations of airport elevation and temperature (Tables B-1
through B-9).

B.1l Standard Conditions (15°C, Zero ft MSL)

This section describes the computation of a standard-condition
takeoff profile on a segment-by-segment basis. The Subscripts 1
and 2 refer to the beginning and end of the segment, respectively.
The following definitions, constants, and ratios apply to all
computations described herein:

Gravitational Constant: g = 32,17
Thermal Gas Constant: R, = 1716.2
Temperature Lapse Rate: L = 0.003566 °F/ft or °R/ft




e —omy

Standard Temperature, °F: Teap = Tro = $9.0

Standard Temperature, °C: Teap = Teo = 15.0
Standard Temperature, °R: Trep = Tro = 518.67
Temperature Ratio: THETA = 1-{(L) (Hy) /T,], where H, is the
altitude MSL for segment
point X
Pressure Ratio: DELTA = THETA !9/ () (L))
Density Ratio: SIGMA = THETA!(9/( () (11))-1]
Airport Elevation MSL: Hy, = 0.0 ft
Brake Release Gross Weight = w
Number of Engines
supplying Thrust = N
GROUND ROLL SEGMENT
For the ground roll segment the following apply:
Airport Temperature: Ter = Tea = Teap
Pressure
Altitude MSL: H, = H, = H,

Initial Calibrated
Airspeed: Va = 16.0 kts

Given the above, the remaining parameters for the ground roll
segment are computed as follows:

Initial Thrust: Th, = E + F(V,) + G, (H,) + G,(H)? + H(T)

Final Calibrated

Airspeed: Ve, = (C) (w)¥

Final Airplane

True Speed: Vea = Vo/ (SIGMA)¥

Final Thrust: Th, = E + F(Vg) + G, (H,) + G,(H,))? + H(T,)

Segment Horizontal

Length: S, = [ (B) (THETA) (W/DELTA)?] / [ (N) Th,]

where E, F, G,, G,, and H are engine-dependent coefficients from Data

Base Number 11 for maximum takeoff thrust mode:;

C is a coefficient from Data Base Number 11 which is
appropriate to the takeoff flap/slat setting;

B is a coefficient from Data Base Number 11 which is
appropriate to a specific airplane/flap-deflection
combination, and varies only with the takeoff flap/slat
setting; and

SIGMA, THETA, and DELTA, defined above, are constants equal to
1 at sea level.




CLIMD SEGMENT
For climb segments the following apply:

Initial Calibrated

Airspeed: Ver = V., of the previous segment
Final Calibrated

Airspeed: Vea = Vo

Initial Thrust: Th, = Th; of the previous segment
Initial Temperature: Tes = T., of the previous segment

Initial Pressure
Altitude MSL: H, = H, of the previous segment

Final Segment
Altitude AGL: Alt,, = As specified in the standard
flight procedv =

Given the above, the remaining parameters for the climb segment are
computed as follows:

Final Segment

Altit\lde MSL: Hz = Altw + H.p
Average Segment
Altitude: Hyw = 0.5(H, + H,)
Final Segment
Temperature: T., = [(Tep - L(H)) - 32](5/9)
Average Segment
Temperature: Teavg = [(Tep - LH,g)) - 32]1(5/9)
Average Calibrated
Airspeed: Veawg = Vo = Vg
Average Segment
Thrust: Th,, = E + F(Voy) + G (H,) + G(Hyg)? + H(T)
Average Airplane 4
Weight: wm = w/{ [THETA] g/ ((ne) lb))l)
Sine of the
Flight Angle: SIN,., = k{ [(N) (Th,g/W.e)] - R}
where k = 1.¢1 for V., s 200; and
- 0.95 for V., > 200
Cosine of the
Flight Angle: COS,,, = (1 - SIN,)¥
Horizontal Segment
Distance: Sg = (H, - H,)/(SIN,,/COS,,)
Final Segment
Thrust: Th, = E + F(Vgy) + G, (H)) + G,(H,)? + H{(T,)
Final True
Speed: Vea = V../ (SIGMA) ¥
where E, F, G;, G,, and H are engine-dependent coefficients from Data
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Base Number 11 for the thrust mode defined in the standard
takeoff procedure; and

R is a coefficient from Data Base Number 11 which is the non-
dimensional ratio of the airplane’s drag coefficient to lift

coefficient a flap setting and airplane
configuration. The landing gear is assumed to be retracted.
ACCELERATION SEGMENT

For acceleration segments the following apply:

Initial Calibrated
Airspeed:

Initial Airplane
True Speed:

Initial Thrust:
Initial Temperature:

Initial Pressure
Altitude MSL:

Final Calibrated
Airspeed:

Rate-0of-Climb:

Va V.; of the previous segment
Ver V.; of the previous segment
Th, Th, of the previous segment
Te T., of the previous segment
H, H, of the previous segment
Vea As specified in the standard
flight procedure
Ve As specified in the standard

flight procedure

Given the above, computation of the remaining parameters is
performed using an iterative procedure to arrive at the altitude
increment, DelH. If the difference between DelH and DelH. (the
computed altitude increment for the current iteration) is greater
than one ft, DelH is set equal to DelH., and the iterative process
is repeated until a difference of one ft or less is achieved.

Initial Assumed
Altitude Increment:

Start of Iteratjive LooOD:

Final Segment
Altitude MSL: H,

Final Segment
Temperature: Tea

Final True
Speed: Vea

Final Segment
Thrust: Th,

Average Segment

DelH

H, + DelH

250 ft

{(Tep - L(H,)] - 32}(5/9)

V.,/ (SIGMA) ¥

E + F(V,) + G, (H,) + G,(H,)? + H(T,,)

Thrust: Th,, 0.5(Th, + Th,)
Average.
True Speed: Veavy 0.5(V,, + V,;)
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Average Segment

Altitude: H, = H, + 0.5DelH

Average Airplane

Weight: W = W/ { [THETA) &/ (@) w1}
Sine of the

Flight Angle: SIN,,; = Vea/ (101.2686V,,,,)
Flight Angle: GAMMA = arcsin(SIN,,.)
Horizontal Segment 0.042062(V.;? - V.,?)
Distance: S, =

[(N) (Thyyg) /Weg) = Ry - SINg,

Computed Altitude
Increment: DelH, = Sg(tan (GAMMA) ] (1/0.95)

Deviation of the

Computed Altitude

Increment from the

Altitude Increment

Assumed at the Start

of the Current

Iteration Cycle DEV = abs [DelH, - DelH]

At this point the status of the iterative process is checked. If DEV is
less than 1 ft, then the iterative process is complete. Otherwise,

Altitude
Increment: DelH = DelH,

and the iterative process is repeated as above.

where E, F, G;, G,, and H are engine-dependent coefficients from Data Base
Number 11 for the thrust mode defined in the standard takeoff
procedure; and

R,y is a coefficient from Data Base Number 11 which is the non-
dimensional ratio of the airplane‘’s drag coefficient to 1lift
coefficient for a given flap setting and airplane configuration.
The landing gear is assumed to be retracted.

T IO! E

A thrust reduction segment of 1000 ft (horizontal distance) is
introduced to allow for a smooth transition of the thrust
associated with the Federal Aviation Regulations, Part 36 thrust

cutback point. This segment replaces the first 1000 ft of
horizontal distance of the next segment which may be either a climb
or an acceleration segment. Computation of the parameters

associated with the thrust reduction segment and the next segment
is performed simultaneously. For the thrust reduction segment the
following apply:

Initial Calibrated

Airspeed: Ve = V., of the previous segment

Initial Pressure

Altitude MSL: H, = H, of the previous segment

Initial Temperature: Ter = T., of the previous segment
B-5




Initial Thrust: Th, = Th, of the previous segment

Initial Airplane
True Speed: Vey = V,; of the previous segment

Horizontal Distance of the
Thrust Reduction Segment: S, = 1000 ft

Given the above, the final thrust for the cutback segment is computed as
follows:

Thrust: Th,, = E + F(ch) + Gl(a;) + G, (H;)z + H(ng)

where E, F, Gl, G2, and H are engine-dependent coefficients from Data Base
Number 11 for the thrust mode defined in the standard takeoff
procedure.

Re i Wi

When the thrust reduction segment is followed by an acceleration segment,
the initial thrust of the acceleration segment is set equal to Th,, and
computation of the remaining parameters associated with the acceleration
segment is performed as described previously. The remaining parameters of
the thrust reduction segment are computed as follows and the thrust
reduction segment replaces the first 1000 ft of the acceleration segment:

True Speed

at the end of the

thrust reduction

segment : Vees = Ve + (V2 = V) (1000/S,)

Segment Altitude MSL

at the end of the

thrust reduction

segment : H, = H, + DelH(1000/5S,)

vwhere V,,, S;, and DelH are parameters computed above for an acceleration
segment.

Thrust Reduction Followed by a Climb Segment:

When the thrust reduction segment is followed by a climb segment, the
initial thrust of the climb segment is set equal to Th,, and computation
of the remaining parameters associated with the climb segment is performed
as described previously. The remaining parameters for the thrust
reduction segment are computed as follows and the thrust reduction segment
replaces the first 1000 ft of the climb segment:

True Speed

at the end of the

thrust reduction

Segment : Ver = Ve = Ve,

Segment Altitude MSL

at the end of the

thrust reduction

segment : H, = H, + (H, - H,) (1000/S,)

where V.,, H, and S; are parameters computed above for a climb segment.




EXCEPTIONS

The above computations assume the airplane is jet-powered and that
the required thrust computations are performed in lbs-thrust.
However, if the airplane is propeller-powered the following
parameters are factored into the above computations: (1)
propeller efficiency and installed net propulsive power for maximum
takeoff thrust; and (2) propeller efficiency and installed net
propulsive power for maximum climb thrust. In addition, for a
select few airplanes, the thrust for a particular segment is given
in the standard flight procedure as fixed and as such is not
computed by the takeoff profile generator. Finally, for airplanes
in Data Base Number 11 for which thrust is expressed in percent-
RPM, an intermediate computation is performed to convert to lbs-
thrust.

B.2 Non-Standard Conditions

This section describes the computation of a non-standard-condition
takeoff profile on a segment-by-segment basis. Non-standard
conditions exist when either the airport elevation is not zero ft
MSL and/or the airport temperature is not standard at the airport
elevation. The following definitions, constants, and ratios, based
upon the concept of density altitude, supplement those described
for standard conditions and apply to all computations described
herein:

Gravitational Constant: g = 32.17

Thermal Gas Constant: R, = 1716.2

Temperature Lapse Rate: L = 0.003566 °F/ft or °R/ft

Airport Elevation MSL: H,p = User-defined in ft

Non-Standard Temperature

at Airport Elevation: Teap = User-defined degrees F

Standard Temperature, °R: Tyo = 518.67

Standard Temperature Lapsed

to Airport Elevation, °R: Trap = T - (L) (H,)

Temperature at

Altitude, °R: T, = Trap - [(L) (H, - H,)]; where H,
is the altitude MSL for segment
point X

Standard Air Pressure: P, = 2116

Standard Air Pressure

at Altitude: P = (P,) (DELTA)

Standard Air Density: R, = 0.002328

Air Density

at Altitude: R = P/[(R.) (T,)]

Non-Standard Density Ratio: SIGMA_,= R/R,




Non-Standard

Temperature Ratio: THETA,,= SIGMA,, '/ {s/l et -1 h
Non-Standard
Pressure Ratio: DELT2, = THETA,, !9/ () 111}
SGROUND ROLL SEGMENT
For the ground roll segment the following apply:
Airport Temperature: T = T, = (Teap - 32) (5/9)
Pressure Altitude MSL: H, = H, = H,,

Initial Calibrated
Airspeed: Ve = 16.0 kts

Given the above, the remaining parameters for the ground roll
segment under non-standard conditions are computed as in Section
B.1, Standard Conditions, using the non-standard THETA, SIGMA, and
DELTA, as appropriate. '

CLINB SEGMENT

The parameters for the climb segment under non-standard conditions
are computed as in Section B.1, Standard Conditions, using the non-
standard THETA, SIGMA, and DELTA, as appropriate.

ACCELERATION SEGMENT

With the exception of the iterative process described below, the
parameters for the acceleration segment under non-standard
conditions are computed as in Section B.1, Standard Conditions,
using the non-standard THETA, SIGMA, and DELTA, as appropriate.

Computation of the remaining parameters is performed using an
iterative procedure to arrive at the horizontal distance of the
segment, Sg,. If the difference between S and S,. (the computed
horizontal distance for the current iteration) is greater than ten
ft, Sy, is set equal to the arithmetic average of Sg, and S, and
the iterative process is repeated until a difference of ten ft or
less is achieved.

Initial Assumed
Horizontal Distance: Sgns = Sy computed for standard
conditions

The equations for the acceleration segment under standard conditions are
used to supplement the following non-standard computations:

Starxt of Iterative Loop:

Tangent of the
Flight Angle: TAN, o= 0.95 (DelH/Sg,)




Sine of the

Flight Angle: SIN,,,= sin(arctan(TAN,,)]

Computed Horizontal

Distance: {%g) (0.95) (V.;* - V.,
S._. =

3 [N(Thug)] - Ry - SIN,,

Deviation of the

Computed Horizontal

Distance from the

Horizontal Distance

Assumed at the Start

of the Current

Iteration Cycle: DEV = abs [Syc - Sgu,)

At this point the status of the iterative process is checked. If DEV is
less than ten ft, then the iterative process is complete. Otherwise,

Horizontal
Distance: Sgns = o.sisgc + Sgn,]

and the iterative process is répeated as above.

where E, F, G,, G;, and H are engine-dependent coefficients from Data Base
Number 11 for the thrust mode defined in the standard takeoff
procedure; and

R, 18 a coefficient from Data Base Number 11 which is the non-
dimensional ratio of the airplane’s drag coefficient to 1lift
coefficient for a given flap setting and airplane configuration.
The landing gear is assumed to be retracted.

THRUST REDUCTION SEGMENT

The parameters for the thrust reduction segment under non-
standard conditions are computed as in Section B.l1l, Standard
Conditions, using the non-standard THETA, SIGMA, and DELTA, as
appropriate.

ERROR CHECKING

The non-standard portion of the profile generator maintains
several built-in error checks which guard against the
computation of improper takeoff profiles. Computation of
takeoff profiles is not performed if any of the following
conditions are detected:

(1) the computed flight angle for a climb segment is zero or
negative;

(2) the computed horizontal distance for an acceleration
segment is zero or negative;

(3) the number of iterations required to compute the
horizontal distance of an acceleration segment exceeds
five hundred; and




(4) the length of the computed ground roll segment exceeds
the length of the runway by more than ten percent; if the
computed segment exceeds the runway length by less than
ten percent, the user is warned of the discrepancy as
discussed in Section 2.1.

EXCRPTIONS

The exceptions noted in Section 2.1, Standard Conditions, also
apply for non-standard conditions.

B.3 Runway Requirements/Operational Boundaries

Tables B-1 through B-9 present the length (ft) of the ground roll
segment computed by the profile generator for all INM airplanes and
stage weights. These tables are intended to give the user guidance
on the operational boundaries and runway requirements of the
profile generator for various airport temperatures, elevations, and
runway lengths. These data are presented for nine combinations of
airport elevation and temperature intended to cover the range of
average yearly conditions at airports across the United States.
Tables B-1 through B-3 present these data for 0 ft Above Mean Sea
Level (MSL) elevation and three temperatures, 59°F, 40°F and 80°F,
respectively. Tables B-4 through B-6 present these data for 3000
ft MSL elevation and three temperatures, 59°F, 40°F and 80°F,
respectively. Tables B-7 through B-9 present these data for 6000
ft MSL elevation and three temperatures, 59°F, 40°F and 80°F,
respectively. When the generator determines that a profile can not
be computed, as discussed in Section B.2, Error Checking, a zero is
inserted in the table, e.g., Table B-2, INM Airplane Number 71,
Stage Weight 3.
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TABLE B-1: RUNWAY REQUIREMENTS/OPERATIONAL BOUNDARIBS OF THE PROFILE GENERATOR,
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TABLE B-1: RUNWAY REQUIREMENTS/OPERATIONAL BOUNDARIES OF THE PROFILE GENERATOR,
TEMPRRATURE S59°F , ELEVATION 0 FT MSL (CONTINURD)
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TABLE B-2: RUNWAY REQUIREMENTS/OPERATIONAL BOUNDARIES OF THE PROFILE GENERATOR,
TEMPERATURE 40°F , ELEVATION 0 FT MSL
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TABLE B-2: RUNWAY REQUIREMENTS/OPERATIONAL BOUNDARIES OF THR PROFILE GENERATOR,
TEMPERATURE 40°F , ELEVATION 0 FT MSL (CONTINUED)
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TABLE B-3: RUNWAY REQUIREMENTS/OPERATIONAL BOUNDARIES OF THE PROFILE GENERATOR,
TEMPERATURE 80°F , ELEVATION 0 FT MSL
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TABLE B-3: RUNWAY REQUIREMENTS/OPERATIONAL BOUNDARIES OF THE PROFILE GENERATOR,
TEMPERATURE 80°F , RLEVATION O FT MSL (CONTINUED)
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TABLE B-8:

RUNWAY REQUIREMENTS/OPERATIONAL BOUNDARIES OF THE PROFILE GENERATOR,
ELEVATION 6000 FT MSL (CONTINUED)

TEMPERATURE 40°F
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TABLE B-9: RUNWAY REQUIREMENTS/Cr-RATIONAL BOUNDARIES OF THE PROFILE GENERATOR,
TEMPERATURE 80°F , ELEVATION 6000 FT MSL
STAGE WEIGNT
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TABLE B-9: RUNWAY REQUIREMENTS/OPERATIONAL BOUNDARIBS OF THE PROFILE GENERATOR,
TEMPERATURE 80°F , ELEVATION 6000 FT MSL (CONTINUED)
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APPENDIX C

AIRPLANE RUNUP OPERATIONS

This Appendix discusses the adaptatlon of an existing INM
equation for use in computing runup noise within INM Version
4.11. This equation, also used in the Time-Above-Threshold (TA)
equation, can be used to approxlmate the maximum A- weighted
sound level (L., and the maximum tone-corrected perceived noise
level (PNLT,,) for a one-second time period as follows:

Lyax = SEL - 10log;,[((500m) /(V)) (.001R,) *'] and (1)
PNLT,,x = EPNL - 10log;,[((500m)/(V)) (.001R,) *' ] + 10, (2)
where SEL =  the Sound Exposure Level from the
Noise-Power-Distance data base

(dBA) ;
EPNL = the Effective Perceived Noise

Level from the Noise-Power-
Distance data base (dB);

v = the airplane velocity (ft/sec);

R, = the closest point of approach
from airplane to receiver (ft);

k = a constant exponent with a fixed
value of 0.6 in the INM; and for
Equation (2),

a duration correction as
discussed in Section 2.3,
Equation (2).

10

The above equations assume: (1) an approximate shape of an
airplane's sound level time history; and (2) symmetry in the
time history trace around the L,,, or PNLT,,, as appropriate.
The I..,,M.m/PNLTm.‘x values computed with these equations were
verified using measured L,,./PNLT,, data in the literature.!l

Given the computed L,ux/PNLTwy; and the user-defined duration and
location for a runup, the SEL/EPNL for the runup is computed by
multiplying the acoustic energy associated with the Ljyy/PNLTyy
by the user-defined duration, and converting the total runup
energy to a decibel value as follows:

SELgyuwr = 10l0g,, [ (DUR) 10exp (Lpypx/10)] and (3)
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EPNL e = 1010G,, [ (DUR) 10exp (PNLT,uy /10)1, (4)

where SELoaur = the Sound Exposure Level for
the runup (dBA);

EPNLywer = the Effective Perceived
Noise Level for the runup
(dB) ;

DUR = the user-defined duration of
the runup (seconds);

Laax = the maximum A-weighted sound
level computed, using
Equation (1);

the maximum tone-corrected
perceived noise level
computed, using Equation
(2).

and PNLTyuyx

The SELgpwe Value from Equation (3) is then used to comp .ite the
noise exposure due to runup operations for all INM noise
metrics, except NEF and WECPNL. The noise exposure due to runup
operations for NEF and WECPNL are computed using the EPNLygape
value from Equation (4).

C.1 Verification

The runup enhancement within INM Version 4.11 was verified using
measured runup noise level data for the A320 airplane with the
newer CFM56-5-Al1 engine, and the B747 airplane with the older
JT9D-7A engine.?? The measured data for the A320 agree
extremely well with INM-predicted data, i.e., + 3 dB with a mean
difference of .6 dB and a standard deviation of 2.2 dB, for
receivers located at angles of 0, 45, 90, 120, 135, and 180
degrees relative to the nose of the airplane. Note: At 180
degrees, the data used for comparison with the predicted levels
were obtained by linear extrapolation of measured data. The
agreement between measured and predicted data at the above six
receiver locations was essentially independent of thrust for
thrusts of 78, 86, and 90 percent N1. At the 150 degree
location, the agreement was only modest. INM Version 4.11
overstated the noise by approximately 6 dB at thrust levels of
86 and 90 percent N1, and by almost 12 dB at 78 percent Nl.
Similar results were observed for the B747 airplane at all
receiver locations.

The agreement between measured and predicted runup noise levels
could be improved if the INM maintained a detailed data base of
measured runup directivity patterns for all airplanes as a
function of distance and thrust. 1In lieu of developing such a
substantial and potentially costly data base, the simplified
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directivity pattern discussed in Appendix A is a reasonable
approximation of runup directivity.

C.2 References

1

Bishop, D.E., Beckman, J.M., Bucka, M.P., Revisij ivi

Report No. 6039, Project No. 04453, Canoga Park, CA: BBN
Laboratories Incorporated, September 1986.

i , FRANCE: Airbus
Industrie, 1990.

An Excerpt from the Model B747 Flight Manual, A-Wejighted
v , Seattle, WA: Boeing Commercial

Airplane Company, 1986.
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APPENDIX D

INK INPUT TESTCASE

This Appendix presents a copy of the INM Input Testcase, revised to
reflect several INM Version 4.11 enhancements. The revised
Testcase includes an airplane runup definition, and an approach
runway threshold definition. The entry related to data base
selection, contained in the PROCESS section of previous versions of
the Input Testcase, has been deleted; the ACDB11.EXE computer
program, included with the INM Version 4.11 release, should be used
to access/print all elements of Data Base Number 11. The Input
Testcase contained herein is included with the Version 4.11
release.




BEGIN.

SETUP:

TITLR <ANNUAL AVERAGE EXPOSURE AT AN EXAMPLE OF A MEDIUM HUB AIRPORT>
AIRPORT <EXANPLE MHA>

ALTITUDE 0
TEMPRERATURE 59 F
RUNNAYS
RW 09L-27R ] 0 TO 9487 -4%87  HEADING~%)
RW 27L-09R 4203 -1410 TO -€920 -1044 HEADING=272
"% 35-17 7358 1366 DT 100 TO 6407 6742
AIRCRAFT:
TYPES
AC 747200
AC DC1030
AC DC870
AC A300
AC 757PW
AC 727Q15
AC DC930
AC MD81
AC 737300
AC SABRSO
AC BECSS?P
AC §-76 CURVE=250C30 PARAM=HELI STAGE 1=HORFLT
CATEGORY=PGA
NOISE CURVES
RC 250C30 3BY a8 3 BYG®
EPNL
THRUSTS 1 2 3
200 90.2 91.2 97.2
400 85.8 87.2 93.1
600 83.1 84.5 90.6
1000 79.4 80.7 87.4
2000 73.7 75.1 82.6
4000 67.6 68.2 77.2
6000 63.1 63.8 73.7
10000 56.8 57.4 68.7
SEL
THRUSTS 1 2 3
200 88.6 90.0 95.6
400 84.2 85.6 91.5
600 81.5% 82.9 89.0
1000 77.8 79.1 85.8
2000 72.1 73.8 81.0
4000 66.0 66.6 75.6
6000 61.5 62.2 72.1
10000 §5.2 55.8 €7.1
APPROACHE PARAMETERS
AP HBLI WBIGHT=10000 ENGINE=2 STOPel
PINSP=160 TAXI=160
LNDFFS=3
INT.NM.
PROFILES APPROACHE
PF ALTID SEGMENTS=?7
DISTANCES 20. 10. 5. 3. 1. -.164 STOP
ALTITUDRS 6000 3236 1644 1007 370 0 0
SPEEDS TERMSP INTSP APPSP FINSP LNDSP REVSP TAXI
THRUSTS INTF1S APPFAS LNDFFS LNDFLS REV IDLE
PP COPTR SEGMENTS«7
DISTANCES 3.9 3.1 2.4 1.6 0.8 0 0
ALTITUDES 2500 2000 1500 1000 500 [ 0
SPEBDS PINSP FINSP FINSP FINSP FINSP FINSP TAXI
THRUSTS LNDFFS LNDFFS LNDFFS LNDFFS LNDFFS LNDFFS
ECHO.
FT.

PROFILES TAKEOFF

PF HORFLT SEGMENTS=8 WEIGHT=10000 ENGINES=2
DISTANCES [ 1376 4126 6876 6877 9626 10000
ALTITUDES 0 [ 500 1000 1000 1500 1500
SPEEDS a2 160 160 160 160 160 160
THRUSTS 2 2 2 2 1 1 1

15000
1500
160

Somgurs:

Note: Standazd conditicas bave beex
defined. To implement the takeoff profile
generator see Section 2.1. In addition, the
slevation enbancement has 20t been sslected.
To implement slevation see Sectiom 2.3.

Note: A runway touch-down poiat of 1084 ft
bas been defined for approach operations oa
Runway 35 (i.e., 100 £t for the user-defined
2 g pl)\u 954 £t for the fixed touch-down
point).




T,
TAKEOFFS BY PREQUENCY:
TRACK TR1 RWY 09L STRAIGHT 4.1 LEPT S H 1.6 STRAIGHT 50

OPER 747200 RUNUP
OFRR DC1030 STAGR
OPER 7S7PM STAGR
OPER 727013 STAGR

OPER DC930 STAGE

OPER MD§1L STAGE 2 D=1.0
OPER 737300 STAGR 1 D=1.5 N=.5

TRACK TR2 RWY 27R STRAIGHT 4.1 LEPT 688 D 1.6 STRAIGHT SO
OPER DC1030 STAGE 1 Del.S5 STAGE 2 D=3 STAGE 3 D=}
STAGRE 4 Del STAGR 5 D=.5 STAGE 6 De.S5
OPER DC870 STAGE 1 De2 Nx.5 STAGE 2 D=3.5 Ns=)
STAGR 3 Dal STAGR 4 D=2.5 STAGE 5 D=1
STAGE ¢ D=.S
OPER A300 STAGE 2 De2 STAGE 3 Ds)
OPRR 727Q15 STAGE 1 D=6 MNsl STAGE 2 D=4.4 N=1.4 STAGE 3 D=1.8
Nes.4

TRACK TR3 RWY 09R STRAIGHT 1.3 LEFT 15 D 1.0 STRAIGHT 1.4
RIGHT 57 D 1.8 STRAIGHT .5 RIGHT 50 D 1.6
STRAIGHT S0
OPRR DC870 STAGE 1 De2 Ne.5 STAGE 2 D=3.5 Nsl STAGE 3 D=}

D=1.5 STAGE § D=.5
OPER 757P¥ STAGE 3 D=2.§5
OPRR 727Q15 STAGE

Del0 STAGE 1 D=1.1 STAGE 2 Del.l STAGE 3 De1.1
Del.5 STAGE 2 De2.5 STAGE 4 D=2

Del.5

De3 Ne.5 STAGR 2 D=2.6 Ne.6

Dwl.2 N=.1

De36€.5 N=.5 STAGE 2 De8 Ns=.3

Del.8%

00 s R

4
3
1 D=2l Ne2.5 STAGE 2 D=16.5 Ne4
STAGE 3 D=8 N=.S :
OPER DC930 STAGE 1 D=26.5 N=.5 STAGE 2 D=8 N=.5 STAGE 3 D=1.5
OPRR MD81 STAGE 1 D= 3 Ne.S
OPER 737300 STAGE 2 Da.S

TRACK TR4 RWY 27R STRAIGHT 4.1 LEBFT 230 H 2.2 STRAIGHT 50
OPERR SABREO STAGE 1 D=3 N=.1

TRACK TRS RWNY 35 STRAIGHT 50
OPRR SABREO STAGE 1 D=30.5 N=2.5
OPRR BEC58P STAGE 1 De=13 N=1

TRACK TR6 RWY 17 STRAIGHT S0
OPRR SABRSO STAGE i D=12.5 Na=.5
OPER BECSSP STAGE 1 D=30 Ns=3

TRACK TR7 RNY 17 STRAIGHT 1.5 RIGHT 265 K .25 STRAIGHT 3
LBFT 245 H 1.0 STRAIGHT 50
OPER S§-7¢ STAGE 1 Ds=5§

LANDINGS BY DBRCENTAGE:

OPER 747200 PROF=STD3ID D=3 Ne=@
OPER DC1030 PROF=STD3ID D=22 Ns2
OPER DC870 PROF=ALT3ID D=22 N2
OPRR A300 PROF=STD3ID D=2 N=)
OPERR 757PW PROF=STD3ID D=6 N=l
OPER 727Q15 PROFsALT3ID D=70 N=10
OPER DC930 PROF=ALT3ID D=70 Ne=4
OPER MD81 PROP=STD3ID D=4g N=.5
OPER 737300 PROFeSTD3D D=1.5 N=.5
OPER SABRSO PROF=STD3D D=25 Ne2
OPER BECS8P PROF=STDSD Ded42 Ns=§S
OPBR S$-76 PROF=COPTR D=5

TRACK TR8 RWY 27R STRAIGHT S0 RIGHT 82 D 1.5 STRAIGHT 4.2
PERCENT COMs=72 GA=0

TRACK TR9 RWY 09R HEADING 260 STRAIGHT 50 RIGHT 272 H 1.S
STRAIGHT 7 PERCENT COM=28 GA=0

TRACK TR10 RWY 35 STRAIGHT 50 PERCENT COM=0 GA=30

TRACK TR11 RWY 17 STRAIGHT 50 PERCENT COM=0 GA=70
TOUCHNGOS BY FREQUENCY:

TRACK TR14 RWY 17 STRAIGHT 3 LRFT 180 D 2.0 STRAIGHT 6

LBFT 180 D 2.0 STRAIGHT 3
OPER BECSSP STAGE 1 PROF STDSD D=23

GOMPMBNLS 1

Note: A runup operation has been defined
for the B747-200 airplane. The runup takes
place at the start of Runway 09L cnd lasts
for 10 gseconds, (i.e., in terms of aversge
yearly duration).




GRID MEF LDN TA START=-3000 1500 STEP=1000 700 SIZEe2 BY 3

GRID LEQ TA DBA=75 START=11000 3000 STEP=0 0 SIZE=1 BY 1 DETAIL

CONTOUR LDN AT 65 75
PLOT S1ZEs11 8.5 SCALE=8000




APPENDIX E
WINM USER’S MANUAL

This Appendix contains a copy of the User’s Manual for the WINM
computer software, an INM Version 4.11 plotting program for use
with Microsoft Windows. The WINM software and its User’s Manual,
contained herein, were prepared by the SysTeam Corporation under
contract to the FAA.




WINM

Windows Plotting Program

Supplement to Integrated Noise Model Version 4.11

User's Manual

November 17, 1993

Prepared by:

Tung X. Le
Thach X. Le

SysTeam Corporation
Gaithersburg, MD

Prepared for:

Federal Aviation Administration
Washington, DC

FAA Contract # DTFA01-92-Y-01042
Task Order #1
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1.0

2.0

3.0

INTRODUCTION

This User Guide is a combined tutorial-manual that comes to you as part of
WINM 4.11.

OPERATIONAL REQUIREMENTS

Software/Hardware Requirements

WINM has the same software and hardware requirements as Microsoft
Windows 3.x.

INSTALLATION

Before you start, make sure that you have all the material supplied with WINM
4.11 and check that your equipment matches the list in Chapter 2.

Installation Procedure

WINM comes with four files under the directory \INM411. These files will be
installed as part of the primary INM installation. They are:

WINM.EXE - The window plot program for INM
INMINPUT.TST - Test case version of input data
CONTOURS.TST - Test case version of contour data
INMCOLOR.DATA - Color control file

Windows Installation of WINM

Start up Windows by typing WIN.

Open Windows' Program Manager.

Open the Windows File menu. Select New.

The New Program Object dialog box will appear.
Select Program Group and click on OK.

The Program Group Properties dialog box will appear.
Type WINM in the Description field. Click on OK.
Open the Windows File menu. Select New.

The New Program Object dialog box will appear.
Select Program Item and click on OK.




o The Program Item Properties dialog box will appear. Enter the text in
the fields as indicated:

For Window 3.1 environment:
Description: WINM v4.11
Command line: C\INM41 1\WINM
Working Directory: C:\INM411
Shortcut Key: None

For Windows 3.0 environment:
Description: WINM 4. 11
Command line: C\INM41 1\WINM
Shortcut Key: None

e Click on OK.
¢ Run WINM by double clicking the WINM icon.




4.0 TUTORIAL

About the Tutorial

The tutorial has been structured so that the exercises will give you progressive
familiarity with the operations that you will carry out within WINM 4.11.

4.1 Loading INM Files

The starting point for this exercise is the default screen you see as soon as you
start WINM 4.11 from the Windows Program Manager.

VMo INM VA 1

By default, WINM uses two default INM input files. To load a different set of
input files,

» Place the mouse pointer arrow on Files in the menu bar; and
o Click once on the left mouse button.
» Inthe menu, click the mouse pointer on Load.




4.2

See the Load dialog box.

INM laput fllename (FORDJ.0AT;  (TEDUIREL]

INM contour filename [FORII.DAT): |contowrs. VST

T oKE " Cancal”

About the Load Dialug Box

This menu option loads the INM input file and INM contour file. By default,
test files "inminput. TST" "contours.TST" are chosen. Examples of standard

input files are in the square brackets.

For this exercise, the default selections will not be changed. If you desire to select
another set of INM input files in the future, use the Tab key to highlight the
appropriate text field, then press the Backspace key to delete the default entry.
Type in the appropriate file name. When correct, click on OK. For now, click on

Cancel to close this window and continue with the tutorial.

Adjusting the Data Display Information

In the menu, click the mouse pointer on Displays.

See the Displays dialog box.

=4 Displays...

©[Runways|

® Flight Tracks

@® Noise Contours

QO Fil! Contours

® Noise Sensitive Area

OLabel
Oabel
O Label

(O Label




About the Displays Dialog Box

This menu option allows the user to select which data display information is to
be shown. Select any option one at a time and click on Apply to see its effect
immediately. Experiment with as many combinations as you like. Text labels
may be independently selected for each displayed item type by clicking on the
Label box next to each item.

4.2.1 Runways

This radio button turns on/off the display of the runways.
4.2.2 Flight Tracks

This radio button turns on/off the display of the flight tracks.

4.2.3 Noise Contours

This radio button turns on/off the display of the noise contours.

4.2.4 Fill Contours

This radio button turns on/off the option to fill the contours.

4.2.5 Noise Sensitive Area

Although every one of these options depends on the INM input files selected,
the Noise Sensitive Area is a special option. This menu option displays user-
defined sensitive noise areas. These areas are defined after the END statement
of the INM input data file (FOR03.DAT), and each can be either a polygon,
square, circle, or point. The area can be defined in NM or FEET and a
descriptive text label for label description of the area can be inserted after an
asterisk (*) at the end of the line. The user can input/modify these data before
or after running the noise model (but not during running the WINM program).
The following shows an example of the descriptive text labels as seen in the
default INM input filename 'inminput. TST":




NOISE-AREA

PNM-10.0-10.0-5.0. 5.0 10.0 10.0 5.0 -5.0 * Poly Area
CNM-7.02.00.5 * Circle 1

CNM-6.04.00.7 * Ciscle 2
RNM-505.0050.5*Rect1

RNM-503.00.70.7* Rect 2

MNM3.03.0* Point 1

MNM 3.02.0 * Point 2

M FT 3000.0 1000.0 * Point 3

M FT 5000.0 2000.0 * Point 4

The formats for these areas are defined as follows:

NOISE-AREA

P <NM> <X1> <Y1> <X2> <Y2> ... <Xn> <Yn> * <Polygon Label>
Polygon area defined in NM followed by a series of X, Y points in NM
with a label of 'Polygon Label'.

C <FT> <X¢> <Yc¢> <Radius> * <Circle Label>
Circle area defined in FT with its center at Xc¢, Yc, and its Radius with a
label of 'Circle Label'.

R <FT> <X¢> <Y¢> <Width> <Height> * <Rectangular Label>
Rectangle area defined in FT with its center at Xc, Yc, and its Width and
Height from the center with a label of ‘Rectangular Label'.

M <NM> <X> <Y> * <Point Label>
Mark point defined in NM at X, Y with a label of Point Label'.

Click on OK to leave the Displays dialog box.




4.3

Zoom
About the Zoom Menu

WINM 4.11 offers you the capabilities to zoom in/out of various sections of
the display for specialize viewing.

We will now become familiarized with the zooming capabilities within WINM
411.

o Place the mouse pointer arrow on Zoom in the menu bar; and
o Click once on the left mouse button.

You will see the drop-down Zoom menu appear.
e In the menu, click the mouse pointer on Zoom In.
A zoom box will appear in the center of the screen.
e Move the mouse to expand/shrink the zoom box.
» If you desire to move the zoom area, hold down the right button and drag
the zoom box to a different area.
e Click the left button to accept zoom.
Note! At any time, click the right button to cancel the zoom box.

Zoom Qut works similar to Zoom In.

» Place the mouse pointer arrow on Zoom in the menu bar; and
s Click once on the left mouse button.

You will see the drop-down Zoom menu appear.

¢ In the menu, click the mouse pointer on Zoom Qut.
A zoom box will appear.

o Move the mouse to expand/shrink the zoom box.

o If you desire to move the zoom area, hold down the right button and drag
the zoom box to a different area.




o Click the left button to accept zoom.
Note! At any time, click the right button to cancel the zoom box.
Zoom Control allows you more precise zoom control.

o Place the mouse pointer arrow on the Zoom menu; and
» Click once on the left mouse button.

You will see the drop-down Zoom menu appear.
o Inthe menuy, click the mouse pointer on Zoom Control.

See the Zoom Control dialog box.

Scale unk Tick marks D

This menu option allows you to set the scale value to a specific scale (i.e. 3.352
nm per scale unit) and to set the number of tic marks between the scale unit marks
(default is 1). You can change these values anytime.

For now, let's continue with the exercise. Click on Cancel to leave the Zoom
Control dialog box.

4.4 Scale

About the Scale Menu

WINM 4.11 offers you the capabilities to change the scale on which the display
units.

We will now become familiarized with the scaling capabilities within WINM 4.11.

o Place the mouse pointer arrow on Scale in the menu bar; and
¢ Click once on the left mouse button.

E-10




4.5

You will see the drop-down Scale menu appear.

o In the menu, click the mouse pointer on any of the menu selections to see
its effect to the scale shown at the bottom right-hand comer.

We have now covered the major capabilities of WINM 4.11.
Let's print the display to a printer.

o Place the mouse pointer arrow on Files in the menu bar; and
e Click once on the left mouse button.

You will see the drop-down Files menu appear.

« In the menu, click the mouse pointer on Print. A submenu will appear.
Print
About the Print Menu Option

This menu option allows a hard copy output to a printer. The printout will go
to the default printer which can be set via Printers in Control Panel.

e Actual Scale

This menu option allows the user to print the current screen for scaling.
The scale unit will reflect 1 inch on the hardcopy printout.

e Screen Zoom
This menu option allows the user to print the current screen at the current
zoom factor. The left and right edges of the hardcopy printout will be set
to match the left and right edges of the screen display. If the printer's page
orientation is set to ‘Landscape' in the Windows Print Manager, then the
top and bottom edges of the hardcopy printout will be set to match the top
and bottom edges of the screen display as well.
To print what is displayed, select Screen Zoom.

You can now exit the program.
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» Place the mouse pointer arrow on Files in the menu bar; and
o Click once on the left mouse button.

You will see the drop-down Files menu appear.
o In the menu, click the mouse pointer on Exit.
This menu option exits the program. The current display setup (contours on/off,

tracks on/off, etc.) will be saved when the program is restarted, this setup will be
recalled.

CONGRATULATIONS!! You have completed the tutorial.
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5.0 Others

Move Origin

The user can move the origin by clicking on a point using the mouse's right
button, holding it down, and dragging it to a new location.

Colors for Display

The user can modify the colors displayed on screen by modifying the
appropriate fields in the file INMCOLOR.DAT. For every increment of 16
colors (up to 256), a new fill pattern will be automatically introduced. The user
can modify the color file until the desired colors/patterns are found. Note that
the ordering of these colors as they appear in the file is very crucial. An

example is as follows:
4 /* Runway_Clr */
2 /* Landing_Track_Clr */
3 /* Takeoff Track_Clir */
6 /* Touchngo_Track_Clr */

255 /* Level_40 Less_Cir */
237 /*Level_41_To_45_Cir */
173 /* Level_46_To_50_Cir */
27  /*Level_51_To_55_Clr*/
102 /* Level_56_To_60_Clr */
85  /*Level_61_To_65_Cir*/
68  /*Level_66_To_70_Cir*/
50  /*Level _71_To_75_Clr*/
140 /* Level_76_To_80_Cir */
17 /* Level_81_Greater_Clr */

Help

Help is not available directly from the program. For technical problems, please
contact your distributor.




6.0 Program Limitation.

Maximum 2000 points per noise contour.

Runways information input is in FEET (from INM input file).

Tracks information input is in NM (from INM input file).

Shade pattern on hard copy may not be the same as on the screen due to the
incompatibility number of colors support by the display and the printer.
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